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PROBLEM TO BE SOLVED: To realize a continuous oscillation at 
room temp, by reducing the threshold current of a laser made of a 
nitride semiconductor. 
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layers 13, 14 to result in reduction of the threshold current, thus 
obtaining a single-mode laser beam. 




LEGAL STATUS 

[Date of request for examination] 26.01 . 1 999 

[Date of sending the examiner's decision of rejection] 

[Kind of final disposal of application other than the 
examiner s decision of rejection or application converted 
registration] 

[Date of final disposal for application] 

[Patent number] 3336599 

[Date of registration] 09.08.2002 

[Number of appeal against examiner's decision of 
rejection] 

[Date of requesting appeal against examiner's decision of 
rejection] 

[Date of extinction of right] 

Copyright (C); 1 998.2003 Japan Patent Office 



http://www19.ipdl.jpo.gojp/PA1/result/detail/main/wAAAOxaO1WDA409246651 P... 2003/07/1 1 



mB^mm/fff (jp) 02) ^ ^ 4^ 1^ ^ ^ (a) aimnmwAm^^ 

#^^9 - 246651 

mVuma ^^9^(1997)9^198 



(5i)inta.» m\mn rrp^mmm^ fi stB^ssm 

HOIS 3/18 HOIS 3/18 





!KH¥8-53428 


(71)taiSA 


000226057 














(22) mis B 


spjffi8^(1996) S^llB 




«SSmWffiTV±*BriBJ49lSai00 








(72)^?^# 












»AJRP5rm*±*BrW491SM100 













































(54) [^MCO^i»] Slflittifs^ft:^— !f5f5T 



(57) [mm] 

9 W 7'fPiJ®K, rS14®*J J: y^'Hl CD p Si' 5 KB J: 0 

^htcsb. mmw.mAiTAi'o. $ p>icm—^-v(ou- 




1 

[m^m2] tuierSttllTt^U n.G ax-, N (0<X< 
1 ) <J:0 J^c-SH^WL, SuiE^l (?>pSi^-7 KH^Jf^A 
UGa...N (0^a<: 1 ) <kK) t^^M^'^L. fuifiS 
Ji^)jA<^fl:?:>^A l,Ga..t.N(0<b^K b>a)ctO 

c ^ L 3 © I ^ r n ^^-TicciBtsco^{b^*^f* u - if ^ 

F/lJ:t3 *>>'^'> K4^> ';.-7*x^;m-'-^^/h5lim2(Dp 

[000 n 

i§^m(Dm-rhmmmf] :^^m^tmim^mt^ ( i n 

,A I vGa^.x-vN. O^X. 0 ^Y. X+Y^ 1 ) J:^rj: 
[00 0 2 ] 

C04 1 0 nmCDU-1f^^ffe^0/c (CTx.«. Jpn.3. 
Appl.Fhys. Vol 3 5 (1996) pp.L74-76) « fg^O/cU — 

ju rate or. U--!f^}l^ii/c*>cD-C*^o U^O^L?"^;:)^ 
[0 0 0 3] ^Jx.i-i#F^¥ 6- 1 5 2 07 2 -^'i^^^Ricg 



(2) ^13^9-246 6 5 1 

2 

[0 004] 

[^0>^5i)^f^?^L,^^if ^S^] 4 1 0 nmCD^iSSU 

irifxm^x(DmmmBi^mm-rct(^$>^. 

[0 00 5] 

m^'yy Kgi^WL. -^CDll 1 cD p ^ FJfcDX 
h^'r:7*fpi|®CC. rSttJSfc<;fcO^'^l<Dp^i7'5'^:; FJlct 

[0 00 6] rStiJf:^^ I nxGa,_xN (0<X< 1 ) J: 

^rji^m^^mL. mn^mi<Dpm^y y b'm^^A \ ,G 

ax..N (0^a<l ) Ji^fJi^m^^L. Sufatli?>iA 

<. mm<Dmitw=^m{^m<Dmmm^j;:nt^'^x\.>xi> 
[0 00 7 ] 5 6^cjf ^bi^msiur. mrfaii665A^ 

[0 0 0 8 ] ^/c. :$:^B^CDU— tf^^CCj:^^. V 
i^?f$t^^cDfFJJM(7)a^ascc>r^-r-SftS7^^9 0* J^ir^ 

30 [0 0 0 9] ^^^ih^m<omMt. miOpm^yy Y 

HO^SiCCgor. ^e^cl^ 1 CDp^d7^ FflJ: 
^>>'^'> K^> ^'x^om^'-;&VjN$c^^2CDp^:^^ 

[0010] 

mtmmmx^h. s*^^<Lur. ssi ocd±^, 

n^a>^i7 hUl K vimt^=y y Vmi 2 . 1 
40 3. vmt^y y Ymi A. :foj:0'pi2=3> h® 1 5 

^ Fn 1 4{i. m'fiti^)y-^%(Dm'n\^<r)^m\:^]h 

tt^ 1 3±cc'; •;;i^.ff^t^(D:X h^-Y >^'^Wr^pM^7'7 
Fill 4^WL-ri='^. C<Dm^t7.Vy ^ y'(iCmM.t^ 

t^CDpS^^ FUl 4CDX F ^ >r:7*ffl'Mtc. ffit4/ifc 

^<jm\<0 9mi^y y Ym^^ i:>m\fxM<D^h^^^mitm 

i)£^f$J:0i^j:^±Ii^)iA^/12 O/J^ff^ffi^nrc^^o cn 
50 CCct 0 , ffittH 1 3 (D'^it^t p^^'y V Ym\ A<D') y 



C3) 

3 

[0011] ^6{c. ^^m(o\^--tfmTTiit. ?§i4/i 

nxGa,,xN (0 <x< 1 ) p 
KI1;!?^A I.Ga...N (0^a<l) J:Kir^^ 
m^^O. m^iA^m^^A l ,Gai_bN (0 <b^ 1 . 
b>a) ctO^^jr^/B^Wr^o rStt^^ I nGaN^^ 
t^mt-r^(D\it. I nGaNtiSa^^DliKT^^M GaN 

y's,^^}^^''--/)^ , 9 5eV-3. 4eVSr*^/c 
i^. 3 6 5 nm--6 6 OninP^r'C7:)igai:;^>:cLD^^^ 

MCDpM^^ K/l^A 1 .Gaa..N ( 0 ^ a< 1 ) t 

:7*t^<DU 5^(7:>{piMccffj^K$nri^6tiis?)i^^ p bo 

^^^•7 KJiJ:0*>A lffl^tW>;^#l^A UGa...N 
(0 <b ^ 1 ) if -5)^. Jmfxmt^pm^^ V HJlcfcO 

(.^•5o m^ktA iffim (bfii) Ti^^o. 4ti±tc?:c^<h 

[0012] ttc:^^m(DU-'^m^X^t. rSttJl. P 



- 2 4 6 6 5 1 

4 

mi 1 1 . nmi^mciL^mi 1 2, nm.%ij-^ 

KJll 1 3. ^M^#P^igcDr£tt® 1 14. pMtIc 
;^VK^115. pM7fe^GiAJ?)^l 1 6. p^r2>^ 
^^hJll 1 TiT^^aJi^tifc^igiJ^Co'CC^^o nS3t 
KDjAfi^)/! 1 1 2. nmtiJ^ Vmi IZ^tnm^'yy 
KJliUrf^fflb. pM7fe;^VK®l 15. 4ScfcO'pM 
itmCiL^mi l^i)^v>m^^ y YMtl^Xi'^mi^Xi.^ 

vmytij-^ K@ 1 1 5 p^^mciA^m i \ et:^^ 

h^j:^') yi^BVt(D:^h'y^y*^mLX:i6K^. '} v'J(D 

ffliMtcjf5;^$n/cai?)iA^gti?si4ii 1 1 4»c«ifiu 

rff^iS5n/cmi<Dai6iA^Ji2 0 1 p5^3>^7>7 
hJll 1 7fliKcSaLrJFJfS^n/cll2cDaa^>i^^il2 

0 2 cb(7:>^^;^c< i^m^i^^wurc^^. m^ih^m 

xr>^'f<tj:h(ox. ^y y ^<ox^^c<{.^mmxk\ 
Gsi^nm^mmLx. ±wti.x<Dm.^^ih^m^c^^ 

^tmhti. v-^m'^coxmmthxmm^i.K^. 

Uio. ^2(D^itcDb-lfWCcfco^-c4>. rStte^M 
nxGai.:,N (0<x< 1 ) J:0:^=c^Jl^WO. pM^? 
V KJi^^^^A KGa,.,N (0 ^ a< 1 ) JcO^JT^H^ 
Wb. a5?)iA^/l:?;?^A UGa...N (0<b^ K b> 

a) ^^t^hm im^cn^. gi.<ts ^wr^c 

[0 0 1 3 ] ^;^c. ^^B^cou-t^^^-rti. U 
«OfPiMCDS«a®ic>rtT5.ftjS:059 0* Wir^^C 
i^#1tibri^^o o^O. ^ 14dJ:a'^2^C/T^-r0 

<fc^ccur4>H<. ^/cei. ^275^9 0* j:f:)^>/h^c^ 

:$:^H^r^^9 0* ia±. SrSO<ti9 0' <=tO;^# 

e>. 9 0* cfco^>/^$l^i^^t^spcct^^^b^^4^^^*?;^^l^ 

>ttO. 01. 02^:9 0" t^iCCT^i. AlGaNOJ: 
'5Aj:;Sffr^^O/h^i^MfbiK34^2lf*t?4>. ^Sb^b^icc ^'■^ v 
^i)^KhU^^<^')^cLX^^SL^'^^±^ctt^x^h. 

[0 0 14] ^6CC^/c, :$fSB^t7?U-1f^^r'(J. iS 

x;rou^'-7:)Vh$c^^2c7)pM^^ \'mmif&^tix 



(4) 

5 

vf mi5\^mK) ^{&r^i^^ctf)^x^^^. ^/cie 

[0 0 1 5 ] ?^cc:te. cn^cDSrt^. rSttHo;^ Y lo 

^(DvmmmwL^T^i^c t t^^-c^ ^ <b ^ 4> 

^-So ccDta^^cof^ffltcoi^rts. [5]— MffJKciE. :e 

[0016] 

[0 0 17] i^^y h'm^<^v^^:&±m^^&mt^J: 

ID Xb'^wl/ (Mg- A 1 .OJ 1 1 1 ci^£Si-ra» 
S3 1 O^MOVPE^^cDSlSS^I^CCK'^O/cfg, 30 

r^^C\ U&bOO'CX\ «1g3 1 OtD^ffiCCGaN 
<^D?:c€>^^'^:':7TJ1^2 0 0:f hn-ACDM/ir 
fiScS^if'So SS3 1 OCCtiX t*;^>^K7>ft!l. A®. R 

fft. S i C'. MgO. GaN. Si. Z n O^CD#^b^ 

[0018] m^^XU&^ 1 0 5 0'C(C±&f . M*4:^':7, 40 
CCTMG. T>^^r. K:^--:f.^JB5iLxrS i H 

n§in>5?^h®3 1 1 ^4 MmCOBiiirfi£S^#^o 
n§yr5>^^he3 1 ItilnxAKGax-x-yN (0 

O^Y. X+Y^ 1 ) vmf&t^Ctf)^X^, mcG 
aN. i nGa N. 't(D^XhS i \'-y*GaNX'mJ& 

\y-'^'m^commmiM^is,r^-^i>ct^^x^^^ nm 

m(DtmtLX^tA \ . Ti.W, Cu. Zn. Sn, 50 



- 2 4 6 6 5 1 

6 

I n^(D#JSSL< tS^J&^S^^ y^mWF> 

[0 0 19];^tc, ae?:7 5 O'C^UT. JWMt/:KffC 
TMG. TMI ( h 'J^^iU-r >i^'^A) . T^-^^^- 
T. :Ftt^:^7XCC>'^>:^':^^fflC\ Si F-'r^'lnO. 
lGsi0.9NJ:Kitj:^i^'yy ^m±m^ b 0 0 :t> h 

a-Acommxm&^-^^o ^'7y^m±m^t\n^^ 

-i±5ciccj:S}. ;xtcfi£s^-i±^A 1 ^-^t^mitm^m 
t^j:^fji^nmicmci^^m3 1 2^;iMrjss5-ti^ 

\a±.(DmmX}S.m^'^^Sm^^^. e^3fer't3:GaN. 
A 1 GaNm<D±t,cmmmm<DA \ GaN^^S^I^^ 
^kt^f^f&^^^'^fcAl GaNt^C^'y y ^f)^KK}'P'r 

<D^m±'r^Ct^^X^^. ^zr y^fJl±m^tl 0 0:t 

hu-"AJ.:^±. 0. 5 MmtiT<Dlii¥-e^S;S$# 
tmt^<DJ:'?(^C^'y y ^^J5±tVXi'^mL(fC< < . 0. 

•^^m^^i'^m'r^±x^mm^ii^y^f)m^ 

[0 0 2 0 ] ;^CC. )^.5f4:=^'XtCTEG. TMA ( h 

iJ:^^m(^^X. Si K-^^^'nMA I o.3Ga0.7N J;0=^cC 
'BnM7EHDiAit»ll3 1 2^0. 5 ^mOmmXfi^m^ 
-if-So n^T^^^DiAdJ^JllS 1 2(iA 1 ^^ti^n^cD^^b 
^^mi^xmf&L. 0t L < {^-7C?*^B^^6l43:H7t:^.^ 
^cr>AUGa,.yN ( 0 <Y^ 1 ) i-T ^ C itCct 0 , 

t-f)m^L^\ 0. 1 /iinctO 4>m^<h7e:&1i;iAi?)Jich 
L/-Cf^fflUCC< < . 1 /imJ:0 ^/ll/^i. /cix.. 
^P^ih/l(D±tC^iS;:l:$'ti/<iA 1 GaNXh. *£a^*CC 

C0 02 i]Mi^r. M4;^'xccTMG. r>^^r. 

^*$^K!l:^';^^e>^>^'X^fflt.^ SiK-:7*nMGaN 
J:K^rj:^nmyc:^'^ KJ13 13^500:**>y;^hP- 
ACDM/ir^^^^-li^o nmyt^'^ FJ13 1 3tS. I n 
^^t^nm(Dmim^mi^^L<UnmGaN. Htb 
< t3:=7n?MB^S L < -Tct^B^CD IrtxGa^.xN (0^ 
1 ) cbf^o CCOHtiil^I 0 0:i^>^y^ h D-A 
-1 mnC?:>Si/f-ClS:^^ii*^Cc!:7!)^SSL< . ^5CC I n 
GaN. GaNi-r^C<i:CCj;O^X<D^SttJl 1 0 4^S 



(5) 

7 

[0 02 2] yc^m4:<7^^TMG. TM I . T>^:^ 

7 5 0°ctcfiSf#or. ^-r-^> K-:7* I no.2Gao.8N 
J:»:*J:C'S#FJi«:2 5:t>^^X h P-A^DK/Sr^S^ 

JSr\ y> I no.oiGao.95NcfcD=^j:^l^|g/l* 
5 0:t>i^Xhn-A<DjgiJ¥'C»?SS5-tl'^o CCD^f^^ 10 
1 smS^OilU. Sfgtc#FJl^fiSS$-liM.^ilO. 1 

[0 02 3] 3 1 4 I n ^^t^^itm^mi^X' 

mf&O. BulBU/Cci: ^ tc*?^ b < 53:H^t^B^(0 I n,G 
a^-xN (0<x< 1 ) ^-^ts^mt-r^Cttrnt LC^o 

QW : Mil t1 -quantum-well) iT^o ^IIJl 4>[Dl^tC = 
7C^^<^> I nx- Gai.x- N ( 0 ^x'< 1 . x'<x) ^^Ifr 

^mf&t^a C<D^^(^CrSnm^ I nGaN^mmLfc 
MQWiT^i. a-T-jgffir^^TferSJ^S 6 5 nm-'6 6 

^CC, #FI1CD±^CI nGaNcfcf3^d:^[^lgJl^^^l■r 
'S<i:. I nGaNJ:*9J^cC^Pillil{5:GaN. A 1 GaN 30 

^6CC. I nGaNiGaNi-Cii$S0^(D^&/^S 
tmU^. m^^MOVP E^£-CC* I nGaNtie 0 0 
0 0''Cr^fi^-ti--BCDCC>t*Ur. GaN^JSOO 
'CJ:Oigl^aSri?Sg$-t±€>o U-oX. I nGaNJ:0 
^^c-S^^H^^Sg^-tf/cft. GaNcfc*9>U^^lgJl^i« 

'2>o ;3tS^S^±Cf ^i. ^fe^^cS^lt/cI nGaN# 

nG a^Nx^^fc^. P^wmtmmMi^m-u^xf^^ 

^;:)^ ffitC#FJi^ I nGaN. KH/l^GaN. Al 



#|g¥9- 2 46 6 5 1 
8 

CCDS14I13 i 4<5:m— O^FUCD^-ceifSL/c^— H 
[0 0 24] f£t4J13 1 AJ&mk. l O 5 O'CCC 

urTMG. TMA. r>^^r. r ^"^v'^-TM^ 

A) ^ffil^ Mg K-:7'p^A 1 0.2Ga0.8Ncfc*3:'d:^ 
pS^^i- yy'm^ 1 0 0^>i^X hP-ACDMil-C^rScg 

L< 0:*->^';^ ha-AK>l±. 0. l ^.m\Dcr<Dm 
;ir^S^ii-€)CiCCJ:0. I nGaNJ:0=tc^r§^!l 

0. ^/cffittJl<D±^CA 1 ^^tPpM^lt^^^t^. *t 
^ L<t3:A UGat..N (0<Y< 1 ) cfcO?^^pM+ 

^mmmm^j^-ox^'xmm'^^x'^^tci^. m^mn^L 

X^>tsK>. 

MG. r>^^T. C p2Mg^ffll^M& K-:7*pMG 
aNcfcO^^cC-SpM*:^'-^ KI13 1 5?:5 0 0:t->^^;^ h 
n-A(D^/l-ej3;S?-i±^o pM7t:^V K©3 1 5 
I n ^-^ts p SOgf b^^^ftS^ L<tJp^GaN, » 
^L<^3:z:7U^^B^^/ctiH7t:?lB^CDI nxGa..xN (0 

^x^ 1 ) ^^g^-tf 'S>o 7^:^v vm^t. mm oo^ 

U< . I nGaN. G a N <?if ^ C <h CC J: 0 . ^J^CCD 
p^T^^l^jAa^JiS 1 5^*SH^ttM<^S-C#^. 
[0 02 6],^C^r. TMG. TMA. T>-=e^T. C 
p2Mg^fflCirMgr K-^*A 1 0.3Gao.7N<i: O^j:^ 

p cimm 3 16^0. 5 /u m(ommxf^^^^^ 

-5). ^4CCpM7fe&1DiA6?)^3 1 ^^'Cl&m.^'dfc^ 

kt. A I ^St^pM(D^ib^*^(*-C^aU, S?^L< 
ti-7r;tg^^:^ct*H7ci:g^OA l.Ga,,.N (0<a^ 

1) if 'Sc<bccj:*?igB^i4<DHi^^cD75n#e»n^. p 
mtmc^^^m^ i 6(in^7^p^ii;iA$:>Ji3 i 2<b[5iD 

<. 0. 1 Mm-l MnKZ^MiirfiXS^^^Ci^^SS 
L< . A 1 GaN(D<fc^?^d:A 1 ^Stf p^^fb^B^^agi* 

ho 

[0 0 2 7 ] (^j yi^nmo^v^p^y y h-m^mf^-Th 
urn) v>mitmoi2^^m3 le^sfa. 

m<Ds \ o^<i:K}rJ:hmmm^nm'rh. ^.tiMsoo 



9 

i.^'?^Vi>fj:<. p^7fe;^7>r F^3 1 5. ^/dSpS=^^ 
mtiJ-i Ffl3 1 5CDJ^^X h ^>r:7't^OU ';;i^<bLr 

V V>(D1^1.(D p §V^Br^ DiAei)Ji 3 1 6 O^SCC. S i O 

i^r^^i^cc^iiu. ^j)^ccpS7er^ii;iz.(S?)fi3 i 6<d^® 
^ca5?)iA<s^/i4 0 0 ^nmr^. 
[0 0 2 9 ] {m^iL^m^Jtmr^JM) n^O:^ 

C\ 1 0 5 O^CrS i K--7*nMA 1 O.sGaO.sNJ:*:) 
;^d:6a563A^Ji4 0 0^0. 2 MmCDHgil-CjitR^S^ 

iAs6li3 1 e<D±(^atm^r^^^. S i OzJ:0^j:^« 

m^mr^mmmtox^t. s i o,m\'<Dmit^-^M 
(s i,o.) . ^{b^-^^ (s i ,Nv) m^^^. ^ 

<J:0:^cC^p^:F*«J^^. nzi^tt^^fflffi^n^HS K- 
^iK9^ h'-y'UfcmB.VA 1 (z:)^Bm^^flx.tf 0 . 4 

[0 0 3 0 ] as^iA^ll4 OOff^^Sft. •i7x-/A^Sfi!:: 

gfi7)^6mott!L., wMm^miirh. mmBm^.m<D 

^Ltcik. '^:c-7^^Si^^§^rtCC^gb. 1 0 50'C 

-CMg K--7'pSGaN<fcfr3^j:^pS:3>^?^ hJ13 1 
7^. 0. b umCDmMXfSL^^"^^. pM:3>3?^h 
fl3 1 TtipS^ I n, A I ,Ga,,x-r N (0 ^X. 0^ 
Y. X+Y^ 1 ) xmfSL'T^ C ^i)^X^ , tf#tCl n G a 
GaN, ^(O^XhMg^ h'-y*LtcpmGaNt 

r^t, mih^^vrms.(DM(^^p^mf)m^tix, ie 



C6) ^$|^^9-2 46 6 5 1 

10 

^Si^Wi^^:^--^ ^^SftiJj^nf^n. iifiimiffi^ffiT 

^i±^C^^^X'^^o lEm^OWMi UrtSN i . P 
d, I r. Rh. Pt. Ag. A u ^cDhblSWft^MSJt 

[0 0 3 1 ] &.±<Dj:'^ccbxmitm^mi^^mmLfc 
s^r3>^>7 hji3 1 1 o^ffl^sto^-f^^o :x(tcm±m 

10 CDp^r3>;^i7 hll3 1 7 <Dt5 t^^S^CiEm® 3 0 

rtSp^^i- y :7';i. pSt^^'-T K@3 1 5. p^tIc^I 
i;iis6®3 1 6^cD?g^4ll^}i^^/c— :/^cDpMg5S. ± 

[0 0 3 2 ] mmnmm. ^^-^^^mmm^cc^m 

L. m^^SO um(Dm^(fCrj:^>^X'mmLXm<Lfc 

u^mmm^:^^^ y ^ v > !^mm:^mi^^xBf^Lx^m 

rj:yj\^X^ :t:-^^^¥^iy>^LX. ±tJi||g5 00 M 
m<:DU-1f5^-7:7'ch-r^o S3 tiCO U-1f ^ 

^fflmi^fe*^a:8£0. 1 At?. 4 1 0 n mCDMm^M^^ 
[0 0 3 3 ] 

^n/cu y>^miX(D>^ -(y'^mr^pm.^'y y \=m 

v^xK^tj::^m.^]h^mm^f&-$nx\.^^ct^c:^^. 

i-mmtLx. 'mmmmw^m(o\y-'^m^i)^x^^ 
m:^^T^i^cti)^x^, max(ommmw<t^'^mtfj: 

[112 ] iif^mmc%h-\^-^m^(om^^^fn-tw.'^ 

50 KSHo 



C7) 



11 

[w^<DmM] 

0. 110. 310-*- 



^11. 111. 311 



fltl^¥9 - 2 4 6 6 5 1 
12 



1 2. 
1 1 3 
1 3, 
1 1 5 
1 4. 
1 5. 



1 1 2. 
,313 
114. 
,315 
1 1 6. 
1 1 7. 



2 • • - nm^moi^^m 

• • • nm^iJ^ 

3 1 4 • • • Stt)! 

• • • pmtiJ^ KH 

6 • • • pm.itmc^^^m 

7 • • • pM:3>^>^ vm 



3 1 



3 1 
3 1 



20. 20K 202. 400 



3 0 

*10 3 1 



m\] 



m2] 




^^^^^^^^^^ *^ ^^^^^1^^* J J^^*:*; J*r*;*: iT*: J 




CI13] 



[04] 





-311 
-310 



mi ] 



CHS] 



4^- 



i— 315 



-311 
-310 



[116 ] 





312— 



-310 



Partial Translation of JP9-246651, A 



omitted 



[0012] In the laser device according to the present invention, 
each of the active layer, the p-type cladding layer and the 
burying layer may be formed not by a single nitride-based 
semiconductor layer but by a laminated structure of a plurality 
of nitride-based semiconductor layers. Fig. 3 is a schematic 
sectional view showing another exemplary structure of the 
inventive laser device . In this laser device , an n- type contact 
layer 111, an n-type light confinement layer 112, an n-type 
light guide layer 113, an active layer 114 having a multiple 
quantum well structure , a p-type light guide layer 115, a p-type 
light confinement layer 116 and a p-type contact layer 117 are 
stacked on a substrate 110. The n-type light confinement layer 
112 and the n-type light guide layer 113 act as n-type cladding 
layers, while the p-type light guide layer 115 and the p-type 
light confinement layer 116 act as p-type cladding layers. As 
shown in this figure , the laser device has a ridge-shaped striped 
portion formed by the p-type light guide layer 115 and the p-type 
light confinement layer 116 on the active layer 114, for confining 
light of the active layer under the ridge portion. Further, 
a burying layer formed on each side surface of the ridge portion 
has at least a two-layer structure including a first burying 
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layer 201 formed in proximity to the active layer 114 and a 
second burying layer 202 formed in proximity to the p- type contact 
layer 117, When the burying layer has a structure including 
at least two layers, crystals are readily cracked if a 
nitride-based semiconductor layer of AlGaN, for example, is 
formed as a thick film, and hence the whole burying layer can 
be rendered hardly crackable by stacking an AlGaN thin film 
in a range hardly causing cracking. The active layer 114 has 
a multiple quantum well structure. Inter-quantum level 
emission results from a laminated structure of a well layer 
and a barrier layer due to the multiple quantum well structure, 
particularly preferably as the active layer of the laser device , 
Also in the laser device having the structure shown in Fig. 
2, it is preferable that the active layer has a layer of InxGai-xN 
(0 < X < 1) , each p-type cladding layer has a layer of AlaGai-aN 
(0 ^ a < 1) and the burying layer has a layer (n-type or i-type 
in particular) of AlbGai-^N (0<b^l, b>a). 

omitted * * 

[0026] Then, TMG, TMA , ammonia and Cp2Mg are employed for growing 
a p-type light confinement layer 316 of Mg-doped Alo.3Gao.7N with 
a thickness of 0,5 ^m. Fig, 4 shows a sectional structure of 
the wafer grown up to the p-type light confinement layer 316, 
The p-type light confinement layer 316 is constituted of a p-type 
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nitride-based semiconductor containing Al, preferably binary 
or ternary mixed crystal AlaGai-aN (0 ^ a < 1) , to be improved 
in crystallinity • The p-type light confinement layer 316 is 
preferably grown in the thickness range of 0 . 1 fAm to 1 fxm similarly 
to the n-type light confinement layer 312, and constituted of 
a p-type nitride-based semiconductor such as AlGaN containing 
Al, for increasing refractive index difference between the same 
and the active layer and effectively acting as a vertical light 
confinement layer for the laser beam. 

[0027] (Step of forming ridge-shaped p-type cladding layer) 
After the growth of the p-type light confinement layer 316, 
the wafer is taken out from the reaction vessel for forming 
a protective film of Si02 having a stripe width of 5 \xm. After 
the formation of the protective film, an RIE (reactive ion 
etching) apparatus is employed for performing mesa etching on 
the p-type light confinement layer 316 in a striped manner with 
a depth of 0.4 ^im as shown in Fig. 5, for preparing the p-type 
light confinement layer 316 having a striped ridge shape. The 
angle of each side surface of the ridge portion with respect 
to the substrate is set to about 100°. Fig. 5 is a sectional 
view showing a state upon removal of the protective film after 
the etching along a section cut in a direction perpendicular 
to the striped portion. While the etching depth is set to an 
intermediate portion of the p-type light confinement layer 316 
in this embodiment, the function remains unchanged also when 
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the etching is performed up to the p-type light guide layer 
315 or the p-type cap layer , as amatter of course . Alternatively, 
the growth may be stopped on the p-type light guide layer 315 
so that only the p-type light guide layer 315 forms the striped 
ridge portion. A preferable larger stripe width is not more 
than 10 \im, more preferably not more than 5 |Lim, most preferably 
not more than 3 jjun. 

[0028] After the etching, the protective film is removed for 
newly forming another protective film of Si02 on the surface 
of the p-type light confinement layer 316 on the top of the 
ridge portion, and the wafer is transferred into the reaction 
vessel again for forming a burying layer 400 on the surface 
of the p-type light confinement layer 316, 

[0029] { Step of forming embedded layer ) After the wafer is reset 
in the reaction vessel, TMG, TMA and ammonia are employed as 
material gases and silane gas is employed as an impurity gas 
for selectively growing the burying layer 400 of Si-doped n-type 
Alo.5Gao.5N at 1050°C with a thickness of 0.2 |Lim- The burying 
layer 400, growing on the light confinement layer 316 of a 
nitride-based semiconductor, does not grow on the protective 
film of Si02. Another protective film having such a selective 
property may be made of silicon oxide (SixOy) , silicon nitride 
(SixNy) of the like in place of SiOz. The burying layer 400 
may alternatively be made of i- type AlyGai-yN . The burying layer 
may be doped with a p-type impurity of a group II element such 
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as Zn, Cd or Mg to a degree compensating for n conductivity, 
or the mixed crystal ratio of Al may be set to at least 0.4, 
for example, in a non-doped state or the state doped with the 
p-type impurity, so that the burying layer is readily converted 
to the i-type. An i-type or p-type burying layer acts as a 
current narrowing layer. Alternatively, the burying layer may 
be made of a p-type nitride-based semiconductor . When prepared 
from a p-type nitride-based semiconductor , however, the burying 
layer exhibits no function serving as a current narrowing layer 
but acts only as a layer confining transverse light of the active 
layer - 
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